Objectives: To identify the prevalence of zinc deficiency in a population with high prevalence of vitamin A deficiency; to verify whether zinc deficiency is associated with vitamin A deficiency in the population studied; to verify risk factors for zinc deficiency (sex, age, diarrhea and fever).
Introduction
Over the last few years, micronutrient deficiency has been gaining importance as a public health problem compared to macronutrient deficiency (proteins, carbohydrates and fats), attracting the attention of health professional and authorities all over the world. Most of these deficiencies are subclinical, this phenomenon has been called as "hidden hunger". Particularly in relation to zinc, various studies of intervention with supplementation have been performed in populations with previous disease. 1, 2 However, probably due to technical difficulties to obtain a reliable biologic marker to this micronutrient, few works have studied the prevalence of deficiency in healthy populations, in Brazil and around the world. In a In turn, vitamin A deficiency, even in its subclinical form, causes increased child morbidity and mortality due to increased number of cases of respiratory infection and to increased severity of cases of diarrhea. In extreme cases, vitamin A deficiency may lead to blindness due to irreversible loss of the cornea. 18 As extensively reported literature, many children in developing countries 3, 19, 20 have simultaneous deficiency of various micronutrients. Thus, we may infer that when a child presents deficiency of a micronutrient it will also be at risk to have other concomitant deficiencies. The objective of the present study was to determine the prevalence of zinc deficiency, as well as to verify its possible association with vitamin A deficiency in a population of children with high prevalence of this vitamin as observed in previous papers. 6, 20 This work also tried to study the influence of possible risk factors for zinc deficiency, such as sex, age and episodes of diarrhea and fever, which were used in this study as markers of inflammation.
Methods
This was a cross-sectional study performed during a 1 year-period (from September 1999 to September 2000). All children aged ≥ 2 years and < 6 years that attended the periodic return of the Child Health Program were invited to participate in the study, independent of previous clinical conditions. After written parental consent, the children were asked to come to the unit after a 6-8-hour fast, when the blood characteristics of children with and without vitamin A deficiency on this population, which is summarized in Table 1 .
Laboratory analysis of serum retinol was performed by high-performance liquid chromatography (HPLC).
Those responsible for each child were asked whether the child had presented an episode of fever (axillary temperature > 37.0 ºC measured using a thermometer) and/or diarrhea (three or more loose stools or any number of loose stools containing visible blood in a 24-h period) during the 15 days preceding enrollment in the study.
Children were measured and weighed at enrollment in the study and the data obtained were used to obtain the z-scores of weight/age (w/a), weight/height (w/h) and height/age (h/a) ratios and compared to the growth curves of the National
Center for Health Statistics (NCHS).
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Student's t test was used to determine a possible association of zinc deficiency with vitamin A deficiency. MannWhitney test was applied to determine the possible influence of inflammation (fever and/or diarrhea during the 15 days preceding child enrollment in the study) on zinc serum levels and to determine the difference in zinc levels between genders.
Bonferroni post-test was used to determine the difference in mean zinc serum levels between the various age ranges studied. Spearman correlation coefficient was applied to determine the relationship between zinc serum levels and age.
Finally, Pearson correlation coefficient was used to determine the correlation between zinc serum levels and retinol serum levels.
The level of significance was set at 0.05 (5%) in all analyses.
The study was approved by the Ethics Committee of HCFMRP-USP (Process HCRP nº 4016/99).
Results
A total of 188 children were studied to determine preva- We observed that 31.9% (58/182) of the children presented episodes of fever and/or diarrhea during the 15 days preceding enrollment in the study. Although mean zinc serum levels were lower among children with episodes of fever and/or diarrhea than among children with no such episodes Zinc serum levels in preschool children -Ferraz IS et al.
(115.6 and 120.1 µg/dL, respectively), difference between groups was not statistically significant (p = 0.18).
Although there was no association between age and zinc serum levels (r = -0.06), when the age ranges were stratified into 12-month intervals, children aged ≥ 48 to < 60 months were found to have lower mean zinc levels than children of the remaining age ranges (Table 2) . This difference was statistically significant regarding children aged ≥ 24 to < 36 months (p = 0.02; Bonferroni post-test); as to the remaining age ranges, although the difference was not statistically significant, zinc serum levels tended to be lower in the ≥ 48 to < 60 month age range (p = 0.07).
Seven children in the total sample presented some degree of malnutrition. Three had < -2 z-scores of NCHS reference values 21 for the w/h ratio (wasting), two for the w/a ratio (underweight), one for the h/a and w/a ratio (stunting/ underweight), and one for the w/h and w/a ratios (wasting/underweight).
Discussion
In contrast to some studies that detected a high prevalence of zinc deficiency in communities with high prevalence of other micronutrient deficiencies, 3, 4, 22, 23 in the present study only 0.5% (1/182) of the children had low zinc serum levels, despite a high prevalence of vitamin A deficiency and also of iron deficiency, as reported in a previous study by our group. 6, 20 Thus, in this population, zinc deficiency cannot be considered, in principle, as a risk factor for vitamin A deficiency, which is also corroborated by the fact that mean zinc serum levels did not differ between children with and without vitamin A deficiency. However, the lack of a reliable biological marker for zinc deficiency may mask the real role of this trace element in the genesis of vitamin A deficiency in this population, whereas, as it occurs in other micronutrients, due to a strict homeostatic control, zinc serum levels can be found within normal limits even in individuals with low body stores of this element; however, despite these limitations, zinc serum levels are still the most widely used biomarker for zinc status of the organism, since other biomarkers also showed limitations in addition to present major technical difficulties in its execution. 24, 25 Moreover, it should be stressed that other studies based only on zinc serum levels to study the association of zinc deficiency with vitamin A deficiency often detected an association between the two conditions, especially in malnourished children with deficiency of both micronutrients.
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Comparing the values of zinc serum levels of our population with other studies, we found that our levels were higher than the levels observed by Donângelo & Azevedo 26 in a study of 103 low-income Brazilian children aged 3 months to 6
years; in that study, the authors found that mean zinc serum levels of children without malnutrition was 98.3 µg/dL (SD ± 15.7). Furthermore, in another Brazilian study with children from low-income families in the metropolitan area of Rio de Janeiro aged 1-5 years, Borges et al. 23 observed higher means of zinc serum levels than our study (137 µg dL).
Despite such Brazilian papers, as this present study, having analyzed children from low-income families, zinc serum levels in the non-malnourished group were closely similar or higher to those observed in Canadian children aged 1-5 years, 27 which it presented values of 67.3 and 118.3 µg/dL for the 2.5 and 97.5 percentiles, respectively. On the other hand, a study with children aged 6-13 years from poor rural communities of Thailand observed mean zinc serum levels of 62.7 µg/dL. 28 It is difficult to explain the observation of higher serum zinc values in our population, especially if we consider the high prevalence of both vitamin A and iron deficiency 6, 20 among children studied, since zinc-rich foods (animal source)
are usually also rich in both iron and vitamin A; achievement of dietary surveys (not performing them is a limitation of this study) could help answer this question, whereas ingestion of zinc-rich foods could be below recommended values and, therefore zinc serum levels observed in this study would only correspond to the levels found in strict homeostatic control of the organism, a phenomenon that was previously observed in experimental studies with human beings.
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Although Thurlow et al. 28 have observed that male sex represented a risk factor for zinc deficiency, in our study, as A recent national survey in Mexico 3 revealed that prevalence of zinc deficiency was higher in children younger than 2 years and decreased with age. In the present study, we observed that mean zinc serum levels of children aged ≥ 48 to < 60 months were lower than those observed in the other age ranges (Table 2) ; however, even though these mean levels tended to be significantly lower, they were still within normal limits. In addition, the only child with a zinc serum level below normal limits was in the age range of ≥ 48 to < 60 months, a fact that may have influenced mean value, since this was an extreme value. Once again, dietary surveys may help explain this phenomenon.
Although some studies in animals 29 and humans 30 have shown a positive correlation between serum retinol and zinc levels, this was not observed in the present study. This result may be explained by the fact that in our study the prevalence of low zinc levels was very small, whereas the populations had deficiency of both zinc and vitamin A in the studies in which this association was detected.
As reported in some studies, presence of an inflammatory process may alter zinc homeostasis, usually reducing zinc serum levels. 17 Borges et al. 23 observed significant lower zinc serum levels in children that had reported diarrhea episodes 30 days before admission to the study than the children without that report. In our study, however, presence of diarrhea and/or fever (used here as markers of inflammation) during the 15 days preceding the child's admission to the study did not cause significant changes in zinc serum levels. This was probably due to the fact that, at the time of collection, all children studied were healthy, with no observable infectious and/or inflammatory processes. In addition, the survey regarding presence of fever and/or previous episodes of diarrhea was conducted using an open interview depending on more accurate recall by parents, which is not always possible and which may cause some bias in data collection.
In this population, only 3.8% (7/182) of the children were malnourished, that it helps to explain the low prevalence of zinc deficiency detected in the children studied, considering that in Brazilian studies 4, 23, 26 with high prevalence of zinc deficiency, there was also high frequency of malnutrition.
However, in our study, high prevalence of vitamin A deficiency and iron deficiency was observed. 6, 20 Thus, further studies involving dietary surveys, as well as the development of more adequate biomarkers for the detection of zinc deficiency would help explain the interrelations of the various micronutrients not only in the present population, but also in other communities. This information is necessary for an adequate combat of micronutrient deficiencies all over the world, reducing the socioeconomic burden of this endemic problem in developing countries.
